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In the study of CP violation signals in — > 7rH nonleptonic decays, the strong J— 3/2 P and 
D phase shifts for the 7rH final-state interactions are needed. These phases are calculated using 
an effective Lagrangian model, that considers S, E*(1530), p and the cr-term, in the intermediate 
states. The cr-term is calculated in terms of the scalar form factor of the baryon. 
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I. INTRODUCTION 

In the search for physics beyond the standard model, 
the observation of CP violation could be a very use- 
full tool. Many models shows CP nonconservation ef- 
fects, as, for example, the superweak model [1], the 
Kobayashi-Maskawa model [2] , the penguin model [3] or 
the Weinberg-Higgs model [4]. 

Today, there are three systems where CP violation has 
been observed. The first one was the if£ — > 7r + 7r~ decay, 
where it was shown [5] that K\ is not a pure eigenstate 
of CP, and then, the parameter e is nonzero. Later, 
direct CP violation in K — > tttt decays has been observed. 
Very recently, CP violation has also been observed in the 
B — > J/^Ks and other related modes (for a review, see 
[6])- 

In 1957, Okubo [7] noted that CP violation could cause 
differences in the branching ratios of the T, and £ de- 
cays. Pais [8] extended this proposal also to A and A 
decays. In more recent works the CP violation signs 
were also investigated using nonleptonic hyperon decays 
[9]- [13] where 2 decays were stiudied too. In [14] the 
study has been made in the framework of the standard 
model, and in [15], [16], new physics was considered. At 
the experimental level, there are experiments searching 
for CP violation in hyperon decays [17]. 

The nonleptonic SI decays has only been studied in [18] 
where the the strong phases were estimated at leading or- 
der in heavy-baryon chiral perturbation theory. The aim 
of this paper is to calculate the En strong phases using 
an effective Lagrangian model, without the heavy-baryon 
approximation, and their effects to the asymmetry pa- 
rameters in the Q~ decays. 

The size of the CP violation depends on the final-state 
strong interaction between the produced particles. So, in 
order to perform the calculations, the strong phase shifts 
are needed. At the moment, the situation of the A — > ttN 
and X — * irN decays is very confortable, the ttN strong 
phase shift analysis is very well known experimentally 
[19]. At the theoretical level, this system is very well 
described, and, at least at low energies, the chiral per- 
turbation theory is very precise [20], [21]. 

However, in the decays that produce hyperons, the sit- 
uation is not so good, no experimental data is available 
to the ttY interactions. In fact, some information can be 



obtained in the study of hyperonic atoms (see, for exam- 
ple, [22] , where the 7rAE coupling constant is estimated) , 
but it is not enough to fully understand the 7rA interac- 
tion. Thus, to investigate the nY interactions, the only 
way is to use a model. 

As it was said, the chiral perturbation theory is very 
accurate when applied to the irN interactions, so, we 
hope that it works in the irY system too. In [10]- [13], [23] 
that was done to the S — > 7rA decay, and the calculated 
phases were very small. 

In this work, the £1 — > 7rS is studied, and the strong 
phase shifts for 7rS interactions are calculated using the 
model presented in [24]. In [24], chiral lagrangians are 
used, describing processes with 5, S* and p in the inter- 
mediate states. The cr-term is also included, but not only 
as a parametrization (as it was done in [24]), but relating 
it with the scalar form factor cr(i), based in the results 
of [25], [26]. 

This paper will show the following contents: In section 
II it will be shown the f2~ decay and how to calculate 
the observables. In section III we will calculate the phase 
shifts in the 7rS interactions. The results and conclusions 
are in section IV. 



II. NONLEPTONIC ft DECAY 



In the fl (J p — § ) decays, the transitions are of the 



form 



spin 3/2 — > spin + spin 1/2 



(1) 



and the contributing phases are the J = | P(parity 
conserving) and D (parity violating) waves in the rest 
frame. The AS = 1 7rS nonleptonic decays are Q~ — > 
S°7T- and Q~ -> S-7T . 

The experimental observables are the total rate T, and 
the asymmetry parameters, that can be written as 



a = 2 Re(P*D)/(\P\ 2 + \D\ 



(3 - 2 Im(P*D)/(|P| 2 + \D\ 2 ) 



7 =(|P| 2 -|£>| 2 )/(I^| 2 + |£ > | 2 ) 



(2) 



(3) 



(4) 



2 



and obeys the relation 

a 2 +/3 2 +7 2 = l • 
For antihyperons decays the expressions are 
5=2 Rc(P* ^)/(|P| 2 + |^| 2 ) 

P = 2Im(P*D)/(\P\ 2 + \D\ 2 ) . 
The P and D amplitudes can be parametrized as 

i 



(5) 

(6) 
(7) 

(8) 
(9) 



where I is the isospin state, Sf 1 are the strong phase 
shifts and cf) 21 are the weak CP violating phases. The 
respective CP conjugated amplitudes are 



p = J2 a ^\ p ^\ et{s2pl ^ v 



(10) 



(11) 



D = -J2a2i\D 2I \e^ s o-^o) , 

Using eq. (8), (9) for the f2~ — > S°7r~ decay we have 

P(fil) = -J^P ie ^+^ + ,/-P 3 e 4 (4+<A 3 p) (12) 
V 3 V 3 



D(QZ) = - 
and for f2~ — 

p(n ) = 



.JI Die Hsh+*h) + ^JId^I+^D (13) 



5-7T 



y| Pie i(^+^) + y|p 3e i(^+^) (14) 



D(fi- ) = ^l Die i{SlW D ) + ^JId^I+^I) . (15) 

In the limit of CP conservation, the CP asymmetry 
parameters 



a — a 



and 



B = 



P + P 
(3-0 



(16) 



(17) 



vanish, since a=-a and /3=-/3. In hyperon decays, the 
Ai=3/2 amplitudes are much smaller then the AJ=l/2, 
then, in the first order in Ai=3/2 amplitudes, 

A(QZ) = -tan(£ P - <5^)tan(0 P - <j> l D )\ 1 + 



+ _Ll\\ r cos(^-^)cos(03 -^) 
V^Pi [cos(^ - <5^)cos(^ - ^) 
sin(Jg,-^)3in(^-^) ' 
sin(£p - 5*,)sin(0 p - <j) l D ) 

1 Do rrnsC/>3 - A* ^nsfrf 



>i>)J 

1 £> 3 fcos(5p - ^) cos(<^p - (f)]-,) 



V 1_ J_J 

\f2P>\ |_cos((5p - S\)) cos(</>p 



sin(<5f 

I / el 



i(^-^)sin^ p -^). 
cot(£p - $i>)tan(<£p - </>i,)|l + 



sin I 



(18) 



sin 



(<5 P -^)cos(0 P -^) 



sin(<5p 



6p) cos(0p 



cos(Sp — Sjj) sin(0| 



cos((5p — 5 D ) sin(0p 



.LEi 

cos(Sp 



S})) cos((j)p - fy) 



s'm(Sp - 



cos(5p - Sp) sin(^p - (fy) 



(19) 



and similar expressions for the — > tt°z, decays (re- 
placing the factors 1/V2 for — in the expressions (18), 
(19)). At leading order, 

A(nz) = A(n°_) = -t&n(6p - S^t&n^P - <Pd) , (20) 



and 



B(ni) = B(fi°) = cot(J},-Ji,)tan(^-0i,) . (21) 

In the next section we will calculate the phase shifts 
Sf 1 , that are needed to estimate A and B. 



III. LOW ENERGY ttE INTERACTION 

In order to describe the low energy 7rS interaction, a 
reliable way is to use effective Lagrangians, as it was done 
in a previous work [24] . A very important feature of this 
model is to allow the inclusion of spin 3/2 ressonances 
in the intermediate states. In the low energy ir + P in- 
teractons, for example, the A(1232) dominates almost 
completely the total cross section (when y/s is near the 
A mass). Consequently, it is expected that in some re- 
actions of ttY scattering, the same behaviour will occur 
[24] . The lagrangians to be considered are 



(22) 



3 



(23) 



+ T [S( ^4mf - )^^\WP V - 9"^)(24) 

7o/v(<? x 0"$ 
7o 



4m 2 



- d v p^).{d^4> x d 1 ^ 



(25) 



where S, 5*, </> and p are the cascade, the resonance 
5* (1530), the pion and the rho fields. Z is the off-shell 
parameter [21], p s o and fj, s - are the magnetic moments. 

The lagrangians are almost the same as the irN ones 
[21], because the ttN system is very similar to the irE. N 
and 5 are particles with isospin 1/2, the only difference 
is that A(1232) has isospin 3/2 and 5*(1530), 1/2, so, a 
t matrix is included in (23). 

The spin 3/2 propagator for a mass M particle, is then 



G» v {p) = - 



(j/+M) 
p 2 - M 2 



uv _ 



" 3M 



3 

2p»p v 
3M 3M 2 



(26) 



b) 

71 71 71 it 

\4l530),.- _ 



j(p H " - VS.-)"- ~i 2 

rrip 1 — t/mp 



B; = ^(1 + ^-^) t ^ . (29) 

The contribution from Fig. 1(b), the interaction with the 
intermediate S* is 



j 2 

,2 



3ms i/; — z/ 2 



mi + m=mE* ,„ 2 2 „ 2\ 

= = (2m-,m^m^* — + 2u ) 

m|, 

H 2^[(m s + m H .)Z + (2m H . + m s )Z 2 ]fc.fc'} 



-{72— 2^ + ^[(^H + m H ,)^ 



3ms *~ v 2 — v 2 
+ (2m H » + m s )Z 2 ]} 



1/ 6 8to|j/Z 2 
~1t^ 7^ 7772 1 



3ms f 2 — z/ : 



{- 



2 — j/2 



(30) 

(31) 
(32) 



rB- 



4™^ 

2 



[(2ml 



3ms v 2 — v 2 
+2m s m s » - 2p 2 )Z + (2m| + 4m H m H «)Z 2 
(m s +m H ») 2 4to s Z 2 



+ 



m|, 



(33) 



FIG. 1: Diagrams to 7rH Interaction. 



with 



The contributing diagrams are shown in the Fig. 1 (we 
show only the direct diagrams, but in the calculations, 
the crossed diagrams are also included). The scattering 
matrix will have the general form 

+[ A - + ^±ll A -]ie bac T c }u{p) , (27) 



where k and k' are the initial and final ir momenta. Cal- 
culating the amplitudes from the diagrams, the contribu- 
tions from Fig. 1(a) (intermediate 5) are 



A+ 


_ sLb 






A s 


= 


Bt 


= 9ks 






B~ 


9k 



1 



u — m~ 



2m E 



s — m£ 
1 



u — mt 



+ 



.(28) 



Fig 1(d), the p exchange, gives 
K = B+ = 



A = {m --' +m f-^ [2mL 2ml - 2m,ml, 
2m|, 1 ~ ~ ~ ~ 

— 2to|toh. + /Li 2 (2ms — rriE')] + 



+-^{mB. + ms»)t 



(34) 



B 



2m|, 



(ml, — m|) 2 — 2msms* (m% + m^Y 



+6p z m E (ml + ms) - 2p\m% + m s ) + p] + -jt 



3 
2 l 
(35) 



where p is the pion mass, and v and v r are defined in the 
appendix A. One must remark that eq. (35) is different 
from the expression of [24], where there was a mistake. 
The correct expression is presented here. 

In [24], [21] the a term (diagram l.c) was simply con- 
sidered as a paramctrization 



A a = a + bt 
B a = . 



(36) 



In fact, the o term represents the exchange of a scalar 
isoscalar system in the i-channel. This contribution is re- 
lated to the scalar form factor of the baryon, and at large 
distances is dominated by triangle diagrams (Figure 2) 



4 



involving the exchange of 2 pions [27]. In the irE inter- 
action, this contribution is associated with two triangle 
diagrams, with 5 and S* intermediate states, as it was 
calculated in [26]. 



1/2 



3/2 



FIG. 2: The scalar form factor (grey blob) receives contri- 
butions from tree interactions (white blob) and triangle dia- 
grams with spin 1/2 and 3/2 intermediate states. 



x(2m H «-m H ) + 2^ 2 (to s +to h .) + {}i 2 -t/2) m H ] l4° 00) 
-2/i 2 m H fl£ 00) + [(™l-™l.)(^H + ^H*) 2 (2m s .-m H ) 
+2^t 2 (ro= +777,3. ) (ml — ml. ) 



+6(/^ 2 -t/2)m|»(m s + m H .) - /i 4 (2m H . +m H )] 



n 



(000) 



2m~/j 



[(m s +m s ,) 2 (4mHmH* — ml — ml.) + 6ml. (p 2 — t/2) 



n 



(001) 



2m H 



(41) 



The scalar form factor for a spin 1/2 baryon B is de- 
fined as < B(p')\ — C s b\B(p) >= a{t) u(p') u(p), where 
C a b is the chiral symmetry breaking lagrangian. 

The contribution of an intermediate particle of spin s 
and mass M to the scalar form factor is given by 



a s {t;M) u u 
d 4 Q 



(2tt)4 [(Q-«/2)2- Ai 2] [( Q +g/2 )2_ Ai 2 ] 



(37) 



where Q is the average of the internal pion momenta, T 
is a vertex isospin matrix and 

1 - f / (m-M)(m+M) 2 
[u A 1/2 it] = u <^ -(ra+M) + — 



;-M 2 



+ 



1 + 



(m + M) 5 



s-M 2 



More details, as, for example regularization and the de- 
termination of <j(t — 0) can be found in [26]. 

The partial wave amplitudes are obtained summing the 
contributions from the diagrams of fig. 1 and making a 
straightforward application of the expressions found in 
appendix A. This can be done, for example, in the 7rS 
center-of-mass frame, where k is the momentum and x = 
cos 9, where 6 is the scattering angle. One notes that 
the ai± amplitudes are real, and, so, the corresponding 
S matrix is not unitary. To unitarize the amplitudes, we 
reinterpret them as elements of the K matrix [28], and 
then 



1 — IK CLl± 



(42) 



Q > u 



(38) 



[u A 3/2 u] = -u 

(2M + m) 4 
"A* 



1 

s-M 2 



((m+M)( M 2 -t/2) 



+ 



6M 2 
n 2 -M 2 
s-M 2 
m (s — m, 2 ) 

6M 2 
(m + M)/j 2 
3M 



+ 



6M 2 



(m + M) 
6M 2 
1 

s-M 2 
4 

1 + 



((m+M)(2M - m) + 2/j 2 ) 
( M 2 - i/2) + ^(m+M) 



where U means unitarized. Now the phase shifts are 

S l± =tg" 1 (K/ i± ) . (43) 

The parameters used are the same that were used in [24] 
and arc m H =1.318 GeV, m H *=1.533 GeV, ^h" = -1-25, 
fj, s - = 0.349, ,g H7 rH=4 and 7 g/m 2 =l/(2/ 2 ), with ^=93 
MeV. The coupling constant gs-nS* can be calculated 
comparing the ressonant dp phase with the Breit-Wigner 
expression 



5i± = tan 



'■-M 2 



-M 2 



- 1 



21 



2(m r — s/s) 



(44) 



x — — (M 2 + 2mM - m 2 + 2/i 2 ) 
6M 2 v ' 



6M 2 



Q> u.(39) 



Calculating <j(t) in the 7rS interaction, and using the 
loop integrals n defined in appendix B, we obtain 



where kq is the center-of-mass momentum at the peak of 
the resonance. The obtained value is 4.54 GeV -1 . 

The numerical results of the phase shifts at yfs = tuq. 
are 



5 P 



-10.173° and 5 l D 



0.208° 



0i/ 2 (*) 



2 2 



\£_ I 5H7TH 

(4tt) 2 V2m H 
(000) m 



2m~n 



0-3/2 (*) 



2toe. 



(ms + ?TlH*) 



m 5- n (001) 



n (ooo)_ 



5% = 0.106° and 5?, 



-0.078° 



(45) 



(46) 



(40) 



(4tt) 2 V 2m H J 6m|. 



{- [(m H +m H «) 2 



IV. SUMMARY AND CONCLUSIONS 

We have calculated the strong P and D phase shifts 
for the Q~ decay at its mass including the contributions 



■5 



from the diagrams of Fig. 1. The numerical values of 
the phases are shown in the expressions (45), (46). The 
respective values calculated in [18] are Sp — —12.8° and 
Sp = 1.1°, that are greater in magnitude than the ones 
obtained in this work. One must remark that the cal- 
culations presented here have no heavy-baryon approxi- 
mation and the p-exchange and the cr-term are included, 
that are the sources of the differences. As we can see in 
cq. (45), (46), the D phases are much smaller than the 
P ones, as it is expected at low energies, and can even be 
neglected in a first approximation. We expect that the 
same pattern occurs for the weak phases. 

In the other hyperon decays, the weak phases are of 
the order <j>p <~ 10~ 3 in the Weinbcrg-Higgs model and 
<f)p <~ 10~ 4 in the Kobayashi-Maskawa model [9]. In 
[18], using the KM model, the estimated value was (f>p <~ 
1CP 3 , which is significantly larger when compared with 
the other hyperons. 

The asymmetry parameter A, eq. (20), in the decays 
fl — > En depends on the factor tan(<5p — 5^) ~-0.18. 
In the A — > pit~ decay, the factor is tan(<5g — Sp) <~- 
0.12, and using the results of [10], for the 7rA phases, 
in the S — > irA decay, tan(<5g — Sp) ^0.05. One notes 
that the greatest value happens in the fl decay (and the 
weak phases are also larger), so, we conclude that the 
A parameter must be the largest in this decay. On the 
other hand, considering the B parameter eq. (21), the 

decay shows a smaller term, from cot(<5p — Sp), but 
the term that depends on the weak phases is larger. So, 
the B parameter is probably of the same order of the 
one that appears in the other hyperon decays. The B 
parameter seems to be the one where the CP violation 
would be most evident. 
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APPENDIX A: BASIC FORMALISM 



m 2 r -m 2 - k.kl 
2m 



(A6) 



where m, m r and /i are, respectively, the hyperon mass, 
the resonance mass and the pion mass. The scattering 
amplitude for an isospin / state is 

Tj = umilA 1 + i -^^B I ]}u(p) , (A7) 

where Aj and Bj are calculated using the Feynman dia- 
grams. So the scattering matrix is 



M b T a = 



T, 



ha 



f I (6)+a.ng I (e) = ft + 



j , (a.k')(a.k) fI 



kk' 



with 



$2 ) 

(A8) 



fl(e)= { -^±^-[A I + (VS-m)B I } , (A9) 
fi{0) = {E ~^ [-Aj + (VS + m)B I } , (A10) 



where E is the hyperon energy, and 

Ai =A+ + 2A- , A* = A+ - A 



(All) 



and similar expressions holds to B 1 . The partial- wave 
decomposition is done with 



ai± 



(x)f 1 (x)+P l±1 (x)f 2 (x)]dx . (A12) 



In our calculation (tree level) aj± is real. With the 
unitarization, as explained in Section III, we obtain 

«F± = ^[ eM,± - 1 ] = ^ i± sen( ( 5 ;± )^a i± . (A13) 



APPENDIX B: LOOP INTEGRALS 

The basic loop integrals needed in order to perform the 
calculations of Fig. 2 are 



In this paper p and p' are the initial and final hyperon 
4-momenta, k and k' are the initial and final pion 4- 
momcnta, so the Mandclstam variables are 



s = (p + kf = (p' + k'f 
t = {p-p'f = {k-k'f 
u = (p' - kf = (p - k'f 

With these variables, we can define 



4m 

2p 2 - t 
4m 



(Al) 
(A2) 
(A3) 



(A4) 
(A5) 



pi- 



± SC 



(£■■•) 



d A Q 

(27T) 4 [(Q-q/2f-^][(Q + q/2f-^} 



J (2^ 



(Bl) 

Q \ p, ) 2m/i 

Y [(Q-q/2f-^][(Q + q/2f-^} [s - M2] ■ 

(B2) 



The integrals are dimensionless and have the following 
tensor structure 



(47T) 



— (n(° 00 )l 

7T) 2 I CC J 



(B3) 
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/£' = (lip ng 00 ' +<" nr»} • (B4) 

'.^K™'). <■»> 

'-(4{^ nr '}- (B6) 

Thus, the II integrals that appear in the text are 
IT> 00) =~fda (1/2 - a) n In {^j , (B7) 

nr^-^^ln(^), (B8) 



JO Jo L>sc 

(B9) 



with 

-D cc = -a(l - a) <? 2 + ^i 2 , 
£> s - c = -a(l-a)(l-6)g 2 

+ [/i 2 - a& (^ 2 + m 2 - M 2 ) + a 2 6 2 m 2 ] . 
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